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Abstract 

Background: Early life-stage exposure to estrogen increases the risk of breast cancer. The objective of this study 
was to investigate the age at menarche and time to onset of regular menstrual cycles for Japanese women born 
between 1930 and 1985. 

Methods: A cross-sectional study was designed using data from the baseline survey of the Japan Nurses' Health 
Study. The data from 48,104 female nurses were analyzed. To view trends in age at menarche, the distribution of 
age at menarche was calculated for each birth year cohort. The distribution of time to onset of regular menstrual 
cycles was calculated for each birth year cohort. To estimate whether high-risk group of the estrogenic dependent 
disorders increase with succeeding generations, we defined the women who experienced menarche at ten years 
old or younger and started a regular cycle within one year as early age onset of ovulatory cycles. 

Results: Average ages at menarche were as follows: 13.8 years for those born in the 1930s (n = 1 13), 13.3 years for 
the 1940s (n= 4,751), 12.8 years for the 1950s (n = 15,844), 12.3 years for the 1960s (n = 20,547), 12.2 years for the 
1970s (n = 6,568), and 12.2 years for the 1980s (n = 281). The proportion of women who experienced the onset of 
regular menstrual cycles 1 year after menarche was 29.3% for those born in the 1930s, but decreased to 1 1.9% for 
the 1980s. On the other hand, the proportion of women who did not have regular menstrual cycles was 10.4% for 
those born in the 1930s, but rose to 19.8% in 1980s. The proportion of women who experienced menarche at 
10 years old and started regular menstrual cycles within one year increased over time: the percentage was 0.0%, 
0.4%, 0.6%, 1.1%, 1.3%, and 2.1% for the women born in 1930s, 1940s, 1950s, 1960s, 1970s, and 1980s, respectively. 

Conclusions: The age at menarche of Japanese women born between 1930 and 1985 decreased, but the onset of 
regular menstrual cycling is delayed; so that the distribution of the start time of ovulatory cycles may have spread 
for younger generations. Those suggest that the high-risk group of estrogenic dependent diseases among Japanese 
women may increase in the near future. 



Background 

Age at menarche is decreasing worldwide as well as in 
Japan [1-5]. Puberty is the period during which second- 
ary sexual characteristics begin to develop and the cap- 
ability of sexual reproduction is attained. Anovulatory 
cycles are frequently observed in the period immediately 
after menarche, with menstrual cycles being irregular in 
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many cases. In the later stages of puberty, however, acti- 
vation of a positive feedback system in the central ner- 
vous system leads to the onset of normal menstrual 
function. Irregular menstrual cycles have a considerable 
effect on women's health [6], such as psychosocial stress 
[6], dysmenorrheal, infertility [7] and further cardiovas- 
cular disease in later life [8]. Therefore, from the view- 
point of public hygiene, attention must be paid to when 
regular menstrual cycles start. But thus far, little is 
known on the onset of regular menstrual cycles in gen- 
eral population of Japanese women. 

It is well known that earlier onset of menarche and 
regular menstrual cycle is a risk factor of estrogen 
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dependent diseases such as breast cancer [9]. The inci- 
dence of breast cancer among Japanese women has been 
increasing in recent years [10], and early age at menar- 
che is considered as one possible associated factor. Ac- 
cordingly, it is important to clarify tendencies in age at 
menarche and time to onset of regular menstrual cycles 
for different age brackets. The objective of this study is 
to survey trends concerning age at menarche and time 
to onset of regular menstrual cycles in Japanese women. 

Methods 

Materials and methods 

This study used some of the data from the baseline 
study for the Japan Nurses' Health Study. This is a pro- 
spective occupational cohort study of female nurses, 
undertaken with the objectives of investigating the 
effects of lifestyle and healthcare practices on the health 
of Japanese women. We announced recruitment to the 
study at conferences of the Japanese Nursing Association 
and the Japan Menopause Society, by advertisements in 
newsletters sent to members of the Japanese Nursing 
Associations, by invitation from the Japan Nurses' 
Health Study Recruitment Committee. Interested med- 
ical institutes or individual nurses requested baseline 
questionnaire sets from the JNHS coordination center 
by application postcard, facsimile, e-mail, or telephone. 
At some nurses' conferences and hospitals, we distribu- 
ted the baseline questionnaire sets directly to individual 
nurses. Nurses were informed of the purpose and proce- 
dures of the study in the invitation letter, and women 
who agreed filled out the self-administrated question- 
naire with a written consent sheet and replied by mail. 
The detail of the study design of the Japan Nurses' 
Health Study has been reported elsewhere [11]. 

Subjects 

Subjects were 49,927 female nurses born from 1926 to 
1985, and responded to the baseline survey of the Japan 
Nurses' Health Study. Their nursing qualifications com- 
prised licenses as registered nurses, licensed practical 
nurses, public health nurses, and midwives. Women who 
were born before 1929, who were uncertain year of birth, 
or who didn't report age at menarche were excluded from 
this analysis, and eventually data from 48,104 women born 
between 1930 and 1985 were analyzed. 

Questionnaire 

The Japan Nurses' Health Study self-administered baseline 
survey questionnaires were collected by post between 
2001 and 2007. Subjects included residents of all 47 Japa- 
nese prefectures. Answers to the question about age at 
menarche were divided into nine categories: <9, 10, 11, 
12, 13, 14, 15, 16, and >17 years old at menarche. The 
question about time to onset of regular menstrual cycles 



was phrased as "How many years did it take your men- 
strual cycle to become regular since your first period (me- 
narche)?" with answers divided into five categories: 
<1 year, 1-2 years, 3-4 years, >5 years, and still irregular. 
In addition, menstrual regularity at the age of 18-22 years 
was also asked, with answers divided into five categories: 
very regular, usually regular, usually irregular, always 
irregular, or no periods. 

Statistical analysis 

Age at menarche was regarded as 9 for those who 
answered <9 and 17 for those who answered >17, and aver- 
age values were calculated. Years of birth were divided into 
decades, e.g. those born in 1930-1939 were categorized as 
born in the 1930s. To view trends in age at menarche, the 
distribution of age at menarche was calculated for each 
birth year cohort. Changes over time in average age at me- 
narche between birth year cohorts were evaluated using 
one-way analysis of variance (ANOVA) and Tukey's mul- 
tiple comparison test. The distribution of time to onset of 
regular menstrual cycles was calculated for each birth year 
cohort. Kruskal-Wallis test was used for the analysis of the 
differences in the distribution of time to establishment of 
regular menstrual cycles, and of the differences in the dis- 
tribution of menstrual regularity at the age of 18-22 years 
old, in each birth year cohorts. This test was also used for 
the analysis of the differences in the distribution of the 
time to onset of regular menstrual cycles and age at menar- 
che. Spearman's rank correlation coefficient was used to as- 
sess their correlation with the time to onset of regular 
menstrual cycles and age at menarche. Previous study has 
stated that early menarche and rapid establishment of 
cycles (within one year) had an almost fourfold increased 
risk of breast cancer compared with women with later me- 
narche and longer duration of irregular cycles [9] . To esti- 
mate whether high-risk group of the estrogenic dependent 
disorders increase with succeeding generations, we defined 
the women who experienced menarche at ten years old or 
younger and started a regular cycle within one year as early 
age onset of ovulatory cycles. Significance of trends in early 
age onset of ovulatory cycle's distribution over time was 
assessed with the Cochran-Armitage test for trend. 
P values of >0.05 were considered statistically significant. 
SAS ver.9.2 statistical software was used for data analysis. 

Ethics 

The institutional review board of Gunma University and 
the National Institute of Public Health reviewed and 
approved the study protocol. 

Results 

Changes over time in age at menarche 

Age at menarche for each birth year cohort is shown in 
Figure 1. The overall average age at menarche was 
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1930s 1940s 1950s 1960s 1970s 1980s 



Year of birth 

Figure 1 Box whisker shows the secular changes of mean age 
at menarche for women born between 1930 and 1985. Heavy 
line, Median; box, 25-75%; whisl<ers, 95% confidence interval. * There 
was significant difference between mean age at menarche born in 
the 1980s and those born in the 1930s, 1940s and 1950s. 



12.6 years (Standard Deviation 1.34), but average ages at 
menarche for different birth year cohorts (SD) were 13.8 
(1.53) for those born in the 1930s (n = 113), 13.3 (1.38) 
for the 1940s (n = 4,751), 12.8 (1.29) for the 1950s 
(n = 15,844), 12.3 (1.28) for the 1960s (n = 20,547), 12.2 
(1.32) for the 1970s (n = 6,568), and 12.2 (1.39) for the 
1980s (n = 281), respectively. The average age at menar- 
che for Japanese women has decreased by 1.6 years for 
the past 50 years. As shown in the Figure 1, there were 
significant differences in age at menarche between those 
born in the 1980s and those born in the 1930s, 1940s, 
and 1950s, but there was no significant difference be- 
tween those born in the 1980s and those born in the 
1960s or 1970s. 

Interval from menarche to the onset of regular menstrual 
cycles 

Interval from menarche to the onset of regular menstrual 
cycles is shown in Figure 2. The proportion of women 
who experienced the onset of regular menstrual cycles 
<1 year after menarche was 29.3% for those born in the 
1930s, but decreased to 11.9% for the 1980s. On the other 




n\ <1 year ■ 1 -4 years En > 5 years O Never 

Figure 2 Distribution of interval from menarche to the onset of 
regular menstrual cycles by year of birth. Kruskal-Wallis test 
X2 = 428.0, p<.0001. 



hand, the proportion of women who did not have regular 
menstrual cycles was 10.4% for those born in the 1930s, 
but rose to 19.8% in 1980s (Kruskal-Wallis test = 428.0, 
p < .0001). These data indicate that the interval from me- 
narche to the onset of regular menstrual cycles has length- 
ened with succeeding generations. 

Menstrual regularity at the age of 18-22 years old 

Text for this sub-section Table 1 shows the regularity of 
menstrual cycles at the age of 18-22 years old by birth 
decade. The proportion of women who had regular men- 
struation (very regular -1- usually regular) during the age of 
18-22 years old was significantly higher in older genera- 
tions (Kruskal-Wallis test x^ = 312.0, p<.0001). This is 
consistent with the finding that the onset of regular men- 
strual cycling is delayed in women with later birth decade. 

When Figure 1 and Figure 2 are viewed together, we 
can see that the age at menarche of Japanese women has 
decreased over succeeding generations, but the interval 
from menarche to the onset of regular menstrual cycling 
has extended. We therefore analyzed the interval from 
menarche to the onset of regular menstrual cycling by 
age at menarche. As shown in Table 2, the proportion of 
women who experienced the onset of regular menstrual 
cycles in 5 years and more after the menarche and who 
did not experienced regular cycles was significantly 
higher in women whose menarche occurred at 15 years 
old and over (Kruskal-Wallis test x^ = 75.4, p<.0001), 
suggesting that later onset of menarche is accompanied 
with longer duration of irregular menstrual cycle. 

In order to investigate whether early age onset of ovu- 
latory cycles is increasing in younger generations, distri- 
bution of the woman who experienced menarche at ten 
years old or younger and started a regular cycle within 
one year as early onset of ovulatory cycles was studied. 
As shown in Figure 3, the proportion of early age onset 
of ovulatory cycles was significantly increasing in 
younger generations of Japanese women (Cochran- 
Armitage Trend Test Z = -7.40, p < .0001), 0.0% for those 
born in the 1930s, 0.4% for those born in the 1940s, 
0.6% for those born in the 1950s, 1.1% for those born in 
the 1960s, 1.3% for those born in the 1970s, 2.1% for 
those born in the 1980s, respectively. 

Discussion 

Age at menarche has decreased worldwide [1-5]. The 
results of the present study show that the average age at 
menarche of Japanese has decreased by 1.6 years for past 
50-years since 1930. According to previous study, the 
average age at menarche for Japanese women born be- 
tween 1881 and 1900 was 15.1 years old, but this had 
decreased to 12.5 years for those born between 1960 and 
1970 [12]. The present study confirmed the trend of de- 
creasing age at menarche in Japanese women reported 
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Table 1 Distribution of menstrual regularity at age of 18-22 years old by year of birth 



Year of birth 





1930s 


1940s 


1950s 


1960s 


1970s 


1980s 


n (%) 


n (%) 


n (%) 


n (%) 


n (%) 


n (%) 


Menstrual regularity 














Very regular 


42 (42) 


1 664 (38) 


5935 (38) 


6933 (34) 


1 965 (30) 


55 (20) 


Usually regular 


32 (32) 


1 772 (40) 


6090 (39) 


7855 (39) 


2468 (38) 


1 26 (45) 


Usually irregular 


19 (19) 


661 (15) 


2365 (15) 


3815 (19) 


1386 (21) 


69 (25) 


Always irregular 


6(6) 


282 (6) 


1013 (7) 


1559 (8) 


622 (10) 


28 (10) 


No periods 


2 (2) 


39(1) 


118 (1) 


193 (1) 


78(1) 


2 (1) 



Kruskal-Wallis test x2 = 312.0, p<.0001. 



by previous study [12], and moreover covered the results 
of women born after 1970 until 1985. Although our 
results showed significant decrease in age at menarche 
by 1.6 years during the 50-year period from 1930 to 
1980, the speed of the decrease of age at menarche was 
decelerated with younger generations. As shown in 
Figure 1, age at menarche significantly declined among 
subjects born between 1930's and 1950's, but the decline 
was not significant anymore in those born in 1960's and 
thereafter, suggesting that age at menarche of Japanese 
women reaches nadir. Thus, the results of the present 
study are compatible with the findings by Rees [13], who 
reported that although age at menarche has been de- 
creasing in developed nations for the past 100 years, this 
tendency has slowed and might even be reversing. 

Various factors have been suggested to be associated 
with age at menarche, including body mass index (BMI), 
race, size at birth, genetic factors, intrauterine condi- 
tions, nutrition, other stresses, light-darkness cycle and 
climatic conditions, exposure to endocrine-disrupting 
chemicals [14-17]. 

By birth cohort, average birth weights were increasing 
as follows: 1930's, 3.16 kg; 1940's, 2.91 kg; 1950's, 
2.95 kg; 1960's, 3.01 kg; 1970's, 3.08 kg; 1980's, 3.08 
(p < .0001). Terry showed negative association between 
birth weight and age at menarche [17], the present study 

Table 2 Distribution of interval from menarche to onset 
of regular menstrual cycles by age at menarche 



age at menarche 



<10 



11-14 



n (%) n (%) 



>15 
n (%) 



time to onset of regular menstrual cycles 

<1 year 

1-2 years 

3-4 years 

>5 years 

Never 

Kruskal-Wallis test x2 = 75.4, p < .0001 . 



439 (18) 7797 (19) 558(17) 

739 (31) 12356(30) 879 (27) 

558 (23) 8875 (22) 640 (19) 

414 (17) 7618 (19) 681 (21) 

225(9) 4388 (11) 540(16) 



did not obtain any data on BMI at age of menarche but 
on birth weight. To assess associations between birth 
weight and age at menarche, we used logistic-regression 
models for earlier age at menarche relative to later age 
at menarche. The results showed negative slight associ- 
ation between birth weight and age at menarche (data 
are not shown). This association is similar to the study 
by Terry [17]. However, the association between birth 
characteristics and age at menarche has been less con- 
sistent [15]. The association between birth characteris- 
tics and age at menarche remains to be investigated. 
However since we do not have data of other factors, we 
do not conclude that only birth weight has influenced 
earlier menarche. Moreover, Yoshinaga [18] has reported 
that the prevalence of obesity among elementary stu- 
dents is increasing, but Hermanussen's [19] data show 
no rise in the BMI of Japanese children, and investiga- 
tion is also required of the association between BMI of 
Japanese children and menarche. 

As shown in Figure 2, the interval from menarche to ob- 
tain regular menstrual cycle has extended with succeeding 
generations, and the proportion of women who did not 
have regular menstrual cycles increased. According to pre- 
vious studies, a common etiology for amenorrhea is 




1930s 1940s 



1950s 1960s 
Year of birth 



1970s 1980s 



Figure 3 Distribution of early age onset of ovulatory cycles by 
year of birth. Early age onset of ovulatory cycles means the woman 
who experienced younger age at menarche at ten years old or 
younger and started a regular cycle within one year. Cochran- 
Armitage Trend Test Z = -740, p < .0001 . 
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weight loss, related to dieting and a desire for thinness. 
And an increase in athletic activities, emotional stress 
related menstrual pattern [20]. The increasing of the pro- 
portion of women who has irregular cycles in our study 
may be affected by the change of the life style with the 
times such as nutrition. We asked participants time to 
onset of regular cycles using five categories, we could not 
calculate the exact age at start of regular menstrual cycles. 
As shown in Table 1, the percentage of subjects who had 
regular menstrual cycles at age of 18-22 years old was 
higher in older generations than younger one. This finding 
supports a study on French women by Clavel-Capelon et 
al [21] who showed that the interval from menarche to 
the onset of regular cycling showed a steady increase, and 
that the percentage of women in whom regular cycling 
started at least 5 years after menarche was increased in 
the younger generations. Interval from menarche to the 
establishment of regular cycling was very weakly positively 
correlated with age at menarche in the present study; 
(Spearman's r =0.044, p < .0001) and was compatible with 
the results obtained by the Nurses' health study in US 
women (Spearman's r = 0.09) [22]. These means that in 
younger generations the average age at menarche of Japa- 
nese women decreased, but the onset of regular menstrual 
cycling may not decreased likewise, so that it can be said 
that the distribution of the start time of ovulatory cycles 
may have spread for younger generations. The discrepancy 
between the earlier onset of menarche and delayed ac- 
quirement of regular menstrual cycling is a matter of 
interest, but thus far we have no data that can physiologic- 
ally account for. However, we infer that the discrepancy 
may cause generation-specific diseases, in particular estro- 
gen dependent disorders. 

A previous study has shown that a woman with early 
menarche and immediate establishment of regular cycles 
were risk factors for breast cancer [9]. From these two 
risk factors on menstruation, we supposed women who 
had menarche before ten years old and regular cycling 
within one year after the menarche were being at high- 
risk of breast cancer. The distribution of such high-risk 
group has been significantly increasing among younger 
generations of Japanese women, suggesting that estrogen 
dependent diseases may increase in the near future 
among Japanese women. 

There are several limitations in this study. As the present 
study gathered data on age at menarche recollected by sub- 
jects aged 25-70, recall bias must be taken into account. In 
addition, the question about regularity of menstrual cycles 
did not define this term, and answers may have been 
affected by the subject's judgment. However, Must [23] 
reported that 407 (91%) of 448 women were able to recall 
their age at menarche, and that there was a strong correl- 
ation with actual values (r = 0.79, p < 0.001). We asked par- 
ticipants time to regular cycles using five categories, we 



couldn't calculate age at onset of regular cycles. We defined 
high risk group by women experienced menarche by 
10 years old and regular cycles within one year. 

This study covered female nurses, who are likely to 
take a greater interest in their own health than do 
women in general, and who have knowledge of health 
and healthcare as professionals. Therefore, it can be said 
that their answers concerning age at menarche and regu- 
larity of menstrual cycles were highly reliable. 

As the present study was a large-scale epidemiological 
study of women throughout Japan with a large number 
of respondents, these findings may reflect the state of 
menarche of Japanese women in general. 

Conclusions 

The age at menarche of Japanese women born between 
1930's and 1980's decreased, and the interval from menar- 
che to the onset of regular menstrual cycling extended suc- 
cessively for the younger generations. Women who 
underwent delayed menarche experienced delayed men- 
strual regularity. So that it can be said that the distribution 
of the start time of ovulatory cycles may have spread for 
younger generations. The distribution of high-risk group of 
estrogen dependent diseases has been increasing signifi- 
cantly among younger generations of Japanese women. 

Competing interests 

The authors declare that they have no competing interest 
Authors' contributions 

The following authors were responsible for study concept and design: MH, SI 
and KH. SI, HIVl, TK and KH made contributions to acquisition of data. MH 
performed the statistical analysis and interpretation of data, and drafted the 
manuscript HM, TK have been involved in revising it critically for important 
intellectual content KH, SI supervised data analysis, and interpretation of 
data and helped to draft the manuscript All authors helped review drafts of 
the manuscript and have read and approved the final manuscript 

Acknowledgements 

We appreciate the support and cooperation of the Japanese Nursing 
Association, and the Japan Menopause Society for their cooperation with the 
study. We also thank Fumie Tokuda, PhD and Kozue Sahashi in Data center 
of Japan Nurses' Health Study for data management The baseline survey 
was supported in part by a Grant-in-Aid for Scientific Research (B: 18390195) 
from the Japan Society for the Promotion of Science, and by the grants from 
the Japan Menopause Society. 

Author details 

Vacuity of Health Care, Takasaki University of Health and Welfare, Takasaki 
City, Gunma Prefecture, Japan. ^School of Health Sciences, Gunma University, 
Maebashi City, Gunma Prefecture, Japan. ^Department of Obstetrics and 
Gynecology, Hirosaki University School of Medicine, Hirosaki City, Aomori 
Prefecture, Japan. ^Department of Comprehensive Reproductive Medicine, 
Tokyo Medical and Dental University, Bunkyo Ward, Tokyo, Japan. 

Received: 7 April 201 1 Accepted: 30 June 2012 
Published: 16 July 2012 

References 

1. Herman-Glddens ME, Slora EJ, Wasserman RC, Bourdony CJ, Bhapkar MV, 
Koch GG, Hasemeier CM: Secondary sexual characteristics and menses in 
young girls seen in office practice: a study from the Pediatric Research 
in Office Settings network. Pediatrics 1997, 99:505-512. 



Hosokawa ef al. BMC Women's Health 2012, 12:19 
http://www.biomedcentral.com/1472-6874/12/19 



Page 6 of 6 



10. 



11. 



12. 



17. 



18. 



19. 



20. 



22. 



23. 



Herman-Giddens ME: Recent data on pubertal milestones in United 
States children: the secular trend toward earlier development. Int J 

Androl 2006, 29:241-246. 

Cho GJ, Park HT, Shin JH, Hur JY, Kim YT, Kim SH, Lee KW, Kim T: Age at 
menarche in a Korean population: secular trends and influencing factors. 

Eur J Pediatr 201 0, 1 69:89-94. 

Hoshi H, Kouchi M: Secular trend of the age at menarche of Japanese 
girls with special regard to the secular acceleration of the age at peak 
height velocity. Hum Biol 1981, 53:593-598. 

Sengupta S, Gogoi G, Chetry HB: Variation in menarcheal age of Assamese 
girls. J Indian Med Assoc 1 996, 94:88-90. 

Yamamoto K, Okazaki A, Sakamoto Y, Funatsu M: The relationship between 
premenstrual symptoms, menstrual pain, irregular menstrual cycles, and 
psychosocial stress among Japanese college students. J Physiol Anthropol 
2009, 28:129-136. 

Rowland AS, Baird DD, Long S, Wegienka G, Harlow SD, Alavanja M, Sandler 
DP: Influence of medical conditions and lifestyle factors on the 
menstrual cycle. Epidemiology 2002, 13:658-674. 
Solomon CG, Hu FB, Dunaif A, Rich-Edwards JE Stampfer MJ, Willett WC, 
Speizer EE, Manson JE: Menstrual cycle irregularity and risk for future 
cardiovascular disease. J Clin Endocrinol IVletab 2002, 87:201 3-201 7. 
Henderson BE Pike MC, Casagrande JT: Breast cancer and the oestrogen 
window hypothesis. Lancet 1981, 2:363-364. 

Qiu D, Katanoda K, Marugame T, Sobue T: A Joinpoint regression analysis 
of long-term trends in cancer mortality in Japan (1958-2004). Int J 

Cancer 2009, 124:443-448. 

Hayashi K, Mizunuma H, Fujita T, Suzuki S, Imazeki S, Katanoda K, Matsumura 
Y, Kubota T, Aso T: Design of the Japan Nurses' Health Study: a 
prospective occupational cohort study of women's health in Japan. Ind 

Health 2007, 45:679-686. 

Nakamura I, Shimura M, Nonaka K, Miura T: Changes of recollected 

menarcheal age and month among women in Tokyo over a period of 

90 years. Ann Hum Biol 1986, 13:547-554. 

Rees M: The age of menarche. ORGYN 1995, 4:2-4 

Kaplowitz PB, Slora EJ, Wasserman RC, Pedlow SE Herman-Giddens ME: 

Earlier onset of puberty in girls: relation to increased body mass index 

and race. Pediatrics 2001, 108:347-353. 

Adair IS: Size at birth predicts age at menarche. Pediatrics 2001, 107:E59. 
Parent AS, Teilmann G, Juul A, Skakkebaek NE Toppari J, Bourguignon JP: 
The timing of normal puberty and the age limits of sexual precocity: 
variations around the world, secular trends, and changes after migration. 

Endocr Rev 2003, 24:668-693. 

Terry MB, Ferris JS, Tehranifar P, Wei Y, Flom JD: Birth weight, postnatal 
growth, and age at menarche. Am J Epidemiol 2009, 1 70:72-79. 
Yoshinaga M, Shimago A, Koriyama C, Nomura Y, IVliyata K, Hashiguchi J, 
Arima K: Rapid increase in the prevalence of obesity in elementary 
school children. Int J Obes Relat Metab Disord 2004, 28:494-499. 
Hermanussen M, Molinari L, SatakeT: BMI in Japanese children since 1948: 
no evidence of a major rise in the prevalence of obesity in Japan. 
Anttiropol Anz 2007, 65:275-283. 

Gindoff PR: IVlenstrual function and its relationship to stress, exercise, 
and body weight Bull N Y Acad Med 1989, 65:774-786. 
Clavel-Chapelon F, The E3N-EPIC group: Evolution of age at menarche and 
at onset of regular cycling in a large cohort of French women. Hum 

Reprod 2002, 17:228-232. 

Garland M, Hunter DJ, Colditz GA, Manson JE Stampfer MJ, Spiegelman D, 
Speizer F, Willett WC: Menstrual cycle characteristics and history of 
ovulatory infertility in relation to breast cancer risk in a large cohort of 
US women. Am J Epidemiol 1998, 147:636-643. 
Must APS Naumova EN, Blum M, Harris S, Dawson-Hughes B, Rand WM: 
Recall of early menstrual history and menarcheal body size: after 30 
years, how well do women remember? Am J Epidemiol 2002, 155:672-579. 



doi:l 0.1 1 86/1 472-6874-1 2-1 9 

Cite this article as: Hosokawa ef o/.: Secular trends in age at menarche 
and time to establish regular menstrual cycling in Japanese women 
born between 1930 and 1985. 8MC Women's Health 2012 12:19. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.blomedcentral.com/submit 



o 



BioMed Central 



